Integrating DNA replication with trans-lesion synthesis via Cdc7.
It has long been appreciated that Cdc7 is an essential protein kinase that phosphorylates Mcm2-7 helicase subunits to promote initiation of DNA replication. In addition to its well-elucidated role in DNA replication, recent studies suggest that DDK is active in genotoxin-treated cells and may mediate aspects of the DNA damage response. However, specific role(s) of DDK and its effector targets in DNA damage signaling have not been defined. A recent study from our laboratories has identified the E3 ubiquitin ligase Rad18 as novel substrate of DDK in vitro and in human cells. Rad18 plays a central role in a post-replication DNA repair pathway termed 'Trans-Lesion Synthesis' (TLS) by promoting recruitment of DNA Polymerase eta (Polη) and other TLS polymerases to stalled replication forks. DDK-mediated Rad18 phosphorylation promotes Rad18-Polη complex formation and facilitates Rad18-dependent recruitment of Polη to stalled replication forks. The mechanisms that regulate Rad18-dependent TLS are incompletely understood. Our study provides the first demonstration of Rad18 regulation by direct phosphorylation and defines a novel mechanism for Rad18-dependent recruitment of TLS polymerases to stalled forks. This study also demonstrates a molecular basis for integration of TLS with S-phase progression via the essential Cdc7 kinase. These findings reveal unexpected mechanistic insights to the regulation of the TLS pathway and Polη recruitment.